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Description

[0001] The invention relates in general to measure-
ments intended to determine at least one characteristic
of oil well effluents made up of multiphase fluids, typi-
cally comprising three phases: two liquid phases - crude
oil and water - and one gas phase based on hydrocar-
bons. The characteristics in question are specifically the
proportions of the component phases, including the wa-
ter content of the liquid phase, and the flow rate values
- total flow rate and the flow rates of the various phases.
[0002] The ability of the oil industry to optimize pro-
duction of a reservoir relies on the possibility of evalu-
ating the well effluent at regular intervals, in terms of
quantity (flow rate) and of composition (the proportions
of the various phases). This makes it possible to deter-
mine what corrective action may need to be taken. How-
ever, measuring the flow rate of oil well effluent is a prob-
lem that is complex because of the way effluents are
usually made up of three phases, and because of the
changes in flow conditions to which they are subject
(pressure, temperature, shape of pipes). These factors
give rise to a wide variety of flow regimes being ob-
served, including some regimes of highly non-uniform
and unstable character, with the proportions of the phas-
es in the fluid mixture being capable of varying very con-
siderably both in the flow direction (i.e. over time) and
across the flow direction, in the form of phase stratifica-
tion across the flow section. One extreme, but very com-
mon, case is slug flow i.e. that of a high gas content with
the flow being made up of an alternation of portions that
are essentially gas, known as "pockets", and portions
that are constituted essentially by liquid, known as
"plugs".

[0003] In the oil industry, the traditional practice is to
separate the effluent into its component phases and to
perform measurements on the phases separated in this
way. However that technique requires separators to be
installed on site, where separators are bulky and expen-
sive items of equipment, and while wells are being test-
ed, it also requires additional pipes to be put into place.
[0004] Numerous proposals have been put forward
for developing techniques that would make it possible
to avoid using such separators. A description of these
developments is to be found in SPE publication 28515
(SPE Annual Technical Conference, New Orleans, Sep-
tember 25-28, 1994) by J. Williams, "Status of mul-
tiphase flow measurement research".

[0005] Most of the propositions suggest firstly a total
flow rate sensor and secondly sensors for measuring
the proportions of the phases in the mixture.

[0006] Amongst those proposals, US patent
4,788,852 describes apparatus comprising a Venturi
and a device for measuring gamma ray attenuation at
three different energy levels, the device being situated
at the constriction of the Venturi. In this document, both
the mass ratio and the flow rate are determined through
an on-line measurement.
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[0007] Document EP 0234 747 describes a Venturi
meter that measures the difference in pressure between
two points to indicate the flow rate of the heaviest phase
and the use of an iterative calculation to obtain density
measurements and individual flow rates.

[0008] Document WO 93 24811 describes a dual en-
ergy gamma-ray transmission gauge that includes radi-
oisotope sources for emitting gamma-rays of two differ-
ent energies.

[0009] British patent application 2 128 756 explains
that it is necessary to determine two of the following
three magnitudes: total mass flow rate, total volume flow
rate, and mean density of the fluid. In order to compen-
sate for non-uniformities in the flow, which give rise in
particular to differences of speed between the gas and
the liquid phase, thereby making any flow rate measure-
ment difficult, and also making density measurements
inaccurate, it proposes homogenizing the fluid upstream
from the sensors by means of an appropriate device. In
addition to improving the quality of mean density meas-
urement, homogenization has the effect of equalizing
the speeds of the gas and liquid phases, and thus of
enabling the gas flow rate to be measured.

[0010] An application of that principle is described in
document WO 90/13859 which provides firstly a Venturi
and a gamma ray density meter placed at the constric-
tion of the Venturi, and secondly a mixer upstream from
the Venturi for the purpose of homogenizing the mul-
tiphase fluid entering the Venturi. Nevertheless, the cost
and the size of such apparatus may limit its commercial
applications.

[0011] The invention seeks to characterize three-
phase oil effluents by means that are simple and cheap,
and that are applicable to a wide variety of flow regimes,
and in particular to slug flow.

[0012] In one aspect, the invention provides a flow
rate measurement method adapted to oil effluents made
up of multiphase fluid mixtures comprising water, oil,
and gas, the method comprising the following steps: the
effluent is passed through a Venturi in which the effluent
is subjected to a pressure drop; a mean value of the
pressure drop is determined over a period t; corre-
sponding to a frequency f, that is low relative to the fre-
quency at which gas and liquid alternate in a slug flow
regime; a mean value is determined for the density of
the fluid mixture at the constriction of the Venturi over
said period t;; and a total mass flow rate value <Q> is
deduced for the period t; under consideration from the
mean values of pressure drop and of density.

[0013] Appropriately, the density of the fluid mixture
is measured by gamma ray attenuation at a first energy
level at a frequency f, that is high relative to said fre-
quency of gas/liquid alternation in a slug flow regime,
and the mean of the measurements obtained in this way
over each period t; corresponding to the frequency f; is
formed to obtain said mean density value.

[0014] Appropriately, the frequency f, is 0.1 Hz or less
than 0.1 Hz, e.g. 0.01 Hz. Appropriately, the frequency
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f, is greater than 20 Hz, and preferably greater than
40Hz, e.g. being equal to 45 Hz.

[0015] The invention will be well understood on read-
ing the following description made with reference to the
accompanying drawings, in which:

Figure 1 is a diagram of flow measuring apparatus
suitable for oil well effluents; and
Figure 2 is a block diagram illustrating the data
processing operations performed by the apparatus
of Figure 1, in two embodiments.

[0016] Oil effluents are usually made up of a mul-
tiphase mixture of liquid oil, of gas (hydrocarbons), and
of water. Below we use the following notations: the sym-
bols Q and q designate mass flow rates and volume flow
rates respectively; the symbol p designates density; the
symbols o and y designate the static and dynamic pro-
portions of the various phases; and the indices o, w, g,
and | refer respectively to the oil, water, gas, and liquid
phases (where the liquid phase is the oil and the water
taken together), while the index m designates the fluid
mixture.

[0017] The device comprises a pipe section 10 com-
prising a convergent Venturi 11 whose narrowest portion
12 is referred to as the throat. In the example shown,
the section of the pipe 10 is disposed vertically and the
effluent flows upwards, as symbolized by arrow F.
[0018] The constriction of the flow section in the Ven-
turi induces a pressure drop Ap between level 13, situ-
ated upstream from the Venturi at the inlet to the meas-
urement section, and the throat 12. This pressure drop
is associated with the total mass flow rate Q and with
the density p,, by the following equation:

K.Q?

m

Ap = +p,-0.h,

where g is the acceleration due to gravity, h, is the dis-
tance between the upstream level 13 and the throat 12,
and K is a constant associated essentially with the ge-
ometry of the Venturi, and which is given by:

where f is the constriction ratio of the Venturi, i.e. the
ratio between the diameter of the throat and the up-
stream diameter of the Venturi, C is the discharge coef-
ficient, and A is the section of the throat. The term p,,.
g.h, is generally small or negligible. By writing Ap* = Ap
- Pm-9-hy, equation (1) becomes:

Q=K(Ap*.py)” )
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where k = K%,

[0019] In a preferred embodiment, the ratio p is 0.5.
With a pipe having a diameter of 10 cm, the diameter of
the throat is 5 cm. The discharge coefficient C is about
1. This coefficient depends to a small extent and in pre-
dictable manner on the properties of the fluid. Tradition-
ally, this corrective effect is taken into account by the
Reynolds number.

[0020] The pressure drop Ap is measured by means
of a differential pressure sensor 15 connected to two
pressure takeoffs 16 and 17 opening out into the meas-
urement section respectively at the upstream level 13
and in the throat 12 of the Venturi. In a variant, the meas-
urement may also be performed by means of two abso-
lute pressure sensors connected to the pressure take-
offs 16 and 17, respectively.

[0021] The density p,, of the fluid mixture is deter-
mined by means of a sensor which measures the atten-
uation of gamma rays, by using a source 20 and a de-
tector 21 placed on opposite sides of the Venturi throat
12. The throat is provided with "windows" of a material
that shows low absorption of photons at the energies
under consideration. The source 20 produces gamma
rays at two different energy levels, referred to below as
the "high energy" level and as the "low energy" level.
The detector 21 which comprises in conventional man-
ner a scintillator crystal such as Nal and a photomulti-
plier produces two series of signals W,,; and W, referred
to as count rates, representative of the numbers of pho-
tons detected per sampling period in the energy ranges
bracketing the above-mentioned levels respectively.
[0022] These energy levels are such that the high en-
ergy count rate Wy, is essentially sensitive to the density
P Of the fluid mixture, while the low energy count rate
W,, is also sensitive to the composition thereof, thus
making it possible to determine the water content of the
liquid phase.

[0023] Preferably the high energy level lies in a range
85 keV to 150 keV. For characterizing oil effluent, this
energy range presents the remarkable property that the
mass attenuation coefficient of gamma rays therein is
substantially the same for water, for sodium chloride,
and for oil, being about 0.17 cm?/g. This means that
based on the high energy attenuation, it is possible to
determine the density p,, of the fluid mixture without the
need to perform auxiliary measurements to determine
the properties of the individual phases of the fluid mix-
ture (attenuation coefficients and densities).

[0024] The attenuation measured by the detector 21
is expressed by the following equation:

A=D,.v, B 3)

where D, is the distance travelled through the fluid, i.e.
in this case the diameter of the Venturi throat, and v, is
the mass attenuation coefficient of the fluid mixture.
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[0025] Since the mass attenuation coefficients of wa-
ter and oil in the above-indicated energy range are sub-
stantially identical, and since the contribution of the gas
is negligible because of its very low density, the mass
attenuation coefficient v,,,, and thus the product D,.v,,
that appears in equation (3) can be considered as being
substantially constant and independent of the densities
p, and p,, of the oil and water phases.

[0026] Under such conditions, the high energy atten-
uation Ay, is a very advantageous indicator of the density
Py of the mixture.

[0027] A material that is suitable for producing high
energy gamma rays in the energy range under consid-
eration, and low energy rays is gadolinium 153. This ra-
dioisotope has an emission line at an energy that is ap-
proximately 100 keV (in fact there are two lines around
100 keV, but they are so close together they can be
treated as a single line), and that is entirely suitable for
use as the high energy source. Gadolinium 153 also has
an emission line at about 40 keV, which is suitable for
the low energy level that is used to determine water con-
tent. This level provides good contrast between water
and oil, since the attenuation coefficients at this level
are significantly different, typical values being 0.228
cm2/g for oil and 0.291 cm2/g for sea water.

[0028] Figure 1 also shows a pressure sensor 22 con-
nected to a pressure takeoff 23 opening out into the
throat 12 of the Venturi, which sensor produces signals
representative of the pressure p,, in the throat of the Ven-
turi, and a temperature sensor 24 producing signals T
representative of the temperature of the fluid mixture.
The data p, and T is used in particular for determining
gas density Pg under the flow rate conditions and gas
flow rate g under normal conditions of pressure and
temperature on the basis of the value for the flow rate
under the flow rate conditions, determined in a manner
described below. In this respect, it is preferable for the
pressure to be measured at the throat of the Venturi. In
contrast, it does not matter where temperature is meas-
ured.

[0029] The information coming from the above-men-
tioned sensors is applied to a data processing unit 30
constituted by a computer running a program for deliv-
ering the looked-for results by performing various treat-
ments based on the principle explained below. In the ex-
planation, reference is made to the block diagram of Fig-
ure 2.

1 - Determining total mass flow rate

[0030] The need is to determine the total mass flow
rate Q in a manner that is adapted to the particularly
difficult case of the effluent flow regime being of the
pocket-and-plug type, also called slug flow i.e. when the
flow is in the form of alternating portions made up es-
sentially of gas, known as "pockets", and portions made
up essentially of liquid.

[0031] A mass flow rate value <Q>, referred to below
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as the mean mass flow rate, is determined (block 35) by
applying above equation (2) to values defined as means
<Ap*>and <p,,> of the pressure drop Ap and of the den-
sity of the mixture p,, over a time interval t; which is long
relative to the gas/liquid alternation period of a pocket-
and-plug flow:

<Q> = K(<Ap™><py,>)” )

[0032] Ithas beenfound thatthis method gives results
that are robust and of satisfactory accuracy, contrary to
what might have been expected, given that equation (2)
is non-linear and equation (4) is a priori only applicable
to a single-phase liquid since the values both of pres-
sure drop Ap and of density p,,, are subject to extremely
sudden variations in a slug flow made up of pockets and
plugs. Such a method of determining mass flow rate
transforms a multiphase flow, even a flow that is ex-
tremely non-uniform such as slug flow, into a virtual sin-
gle-phase flow, in that it makes equation (4) above, that
applies to single-phase flows, applicable to multiphase
flows. The method can thus be depicted as performing
a "virtual homogenization".

[0033] The period of gas/liquid alternations in a slug
flow can vary widely, depending on circumstances: typ-
ically it lies in the range 0.1 to 10 seconds. The duration
t; over which the above-mentioned mean values are de-
fined must be long relative to said alternation period. It
is appropriate to set it at a value that is not less than the
upper limit of the above-mentioned range, i.e. 10 s,
which corresponds to a frequency, written f;, of 0.1 Hz.
[0034] In the preferred implementation of the inven-
tion, these mean values are obtained as follows.
[0035] As explained above, the density is determined
from the high energy attenuation W, at a frequency f,
which is high relative to the gas/liquid alternation fre-
quency in a slug flow (block 40). Starting from values
Pm(i) respectively obtained for intervals t, correspond-
ing to the frequency f,, a mean density value <p,,> is
calculated over a duration corresponding to above-men-
tioned frequency f; (block 41). Such a method is adapt-
ed to the non-linear character of the equation relating
the count rate W,;; to the density p,, of the fluid mixture.
It is appropriate for the frequency f, to be at least 20 Hz,
preferably at least 40 Hz, and for example 45 Hz.
[0036] Measurements are acquired at such a sam-
pling frequency by means of a specialized electronic cir-
cuit associated with the detector 21 but not shown in
Figure 1. The circuit is implemented in accordance with
the teaching of US patent 5,349,195, and it need not be
described in detail herein. Such a circuit provides fast
and reliable processing of the pulses sensed in each en-
ergy window.

[0037] The inherent response time of the differential
pressure sensor 15 is considerably slower than the time
corresponding to the frequency f,, for example itis about
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0.5Hz. However, to simplify implementation, differential
pressure measurement samples are similarly acquired
at the frequency f, (45Hz in the example described) and
the desired mean value <Ap> is obtained by averaging
the measured samples Ap(i).

[0038] The mean value <Ap*>used in determining the
total mass flow in application of above equation (4) is
obtained from the mean values <Ap> and <pm>.

2 - Determining water content

[0039] The detector 21 measures attenuation of gam-
ma rays by the fluid mixture at the two above-mentioned
energy levels:

Wi = Wi 0€XP(-Api m)

Wlo = WIo,OeXp('AIo,m)

where A stands for attenuation and Wy, o and W, , are
the high and low count rates in the absence of attenua-
tion, as obtained by calibration.

[0040] As already mentioned above, the attenuation
of the gamma rays by the fluid mixture is as follows:

A,=Dy,.vy-Pm

where D, is the diameter of the throat of the Venturi and
v, is the mass attenuation coefficient of the fluid mix-
ture.

[0041] Given that the density of the gas phase is very
low, it is possible to make the following approximations:

Vi = V) and Pm = 0P

where v, is the mass attenuation coefficient of the liquid
(oil and water together) and o, is the volume fraction of
the liquid, and hence:

A, =D,v.p.o

[0042] The mass attenuation coefficient of the liquid
v, is a function of the attenuation coefficients of oil and
water v, and v,, and of the water/liquid mass ratio
(WLR):

v = v, + WLR(v,, - v,)

[0043] The water/liquid mass ratio WLR can be deter-
mined from the high and low energy attenuations in the
mixture, given the attenuations in oil and in water as de-
termined by calibration, by using the following expres-
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sion:
WLR = (A - o) (Ay, - Ag) (5)

where A, A,, and A,, are the ratios of high energy at-
tenuation over low energy attenuation for the fluid mix-
ture, for oil, and for water, respectively:

Am = Ahi,m/AIo,m

Ao = Ahi,O/AIo,o

AW = A w/Aow

[0044] The values of the water/liquid mass ratio WLR
(i) are thus calculated for each of the sampling intervals
t5(i) corresponding to the frequency f, which is equal to
45 Hz in the example described, on the basis of the
measurements W,;(i) and W(i) acquired over the inter-
val under consideration (block 50). Thereafter (block 51)
a mean value <WLR> is calculated over the interval t,
corresponding to the frequency f; at which the mass flow
rate Q is determined, with the values WLR(i) being
weighted by respective confidence coefficients C(i).
[0045] The water ratio WLR is relative to the quantity
of liquid in the fluid mixture. The measurement of WLR
therefore applies to this quantity of liquid. When the gas
content is high, the liquid content is small. Also attenu-
ation is low because the density of the fluid mixture is
low. Under such circumstances, the measurements re-
lating to the proportions of water and oil in the liquid can-
not be of good quality. The confidence coefficient should
therefore decrease with increasing gas content.

[0046] Since the density p,, of the fluid mixture is a
sensitive indicator of its gas content, the confidence co-
efficient C(i) is advantageously determined as a function
of the density p,,,. (This choice is justified by the assump-
tion that there is no systematic correlation between the
composition of the liquid as expressed by the water frac-
tion WLR, and the gas content as given by the density
Pm of the mixture.) Such a function can have several
different forms. By way of example, the confidence co-
efficient may merely be equal to the density p,,. Natu-
rally, other types of function can be envisaged. Also, the
parameter used could be the variation in the density p,,
rather than the density proper, or a combination of these
factors could be used.

[0047] To sum up, each value of WLR(i) is associated
with a confidence coefficient C(i) determined as a func-
tion of the density p,(i) obtained as described above,
and the mean value <WLR> is a weighted mean of the
values WLR(i):
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<WLR> = (C(i).WLR(i))/C(i)

where X symbolizes the sum of the values lying in the
interval t; under consideration.

[0048] From the mean value <WLR> obtained for the
mass fraction of water, it is possible to determine the
density of the liquid phase p, and the mean value of the
volume fraction of water <wlr>, knowing the densities
pw and p, of water and oil respectively in the effluent.
The density values p,, and p, and the density of gas pg
(under the flow conditions) can be obtained in various
ways by auxiliary measurements that are known per se.
By way of example, for the liquid phases, mention can
be made of the sampling device described in French
patent application 96 14292 filed on November 22,
1996.

[0049] The density of the liquid phase is obtained
(block 52) from the following equation:

Up, = <WLR>/p,,, + (1 - <WLR>)/p,,

and the mean volume fraction of water (block 53) is giv-
en by:

<wir>=p, /p|.<WLR>

[0050] It should be observed that the water content of
the liquid phase is a characteristic of the effluent which
is stable (or at any rate which varies slowly), unlike the
gas content of the mixture. It is therefore appropriate to
determine p, at the frequency f;, as a function of the
mean value <WLR>.

[0051] In addition, starting from the density of the lig-
uid phase p, determined as described above, and from
the density of the gas phase pg under flow conditions, it
is possible (block 54) to determine the proportions of lig-
uid oy and of gas oy at the frequency f, using the follow-
ing equations:

0i) = (Pl - P (P, - Pg)

oy +og =1

3 - Determining the oil and the water flow rates

[0052] The gas mass flow rate Qg is negligible relative
to the liquid mass flow rate because of the low density
of the gas. It can therefore be assumed that the liquid
mass flow rate Q, is approximately equal to the total
mass flow rate Q:

Q|:Q
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[0053] The oil and water mass flow rates can then be
determined (block 60) approximately from the following
equations:

Q,, = <WLR>.<Q>and Q, = <Q>- Q,,

[0054] The water and oil volume flow rates q,, and q,
are deduced from the mass flow rates Q,, and Q (block
61) given the respective densities p,, and p, of water
and oil in the effluent:

q,, =Q,/r,and g, = Q,/p,

[0055] The volume flow rate of the liquid g, can then
be determined as the sum of the oil and water flow rates:

q| = qo + qW
or equivalently:
q,=Q/p, = Qlp,

[0056] The values obtained in this way are approxi-
mate since they assume that the gas flow rate is negli-
gible. For more accurate determination, account is tak-
en of the presence of gas, expressed by the volume frac-
tion of the gas. Since the speed of gas is higher than
that of the liquid (a phenomenon known as "slip"), it is
necessary to make use not of the liquid and gas propor-
tions oy and oy as deduced in the manner given above
from the gamma ray attenuation measurements since
those proportions are static proportions, but instead to
make use of dynamic proportions vy, and g (with y + g
=1) which take the slip phenomenon into account, which
proportions are respectively lower than and greater than
the static proportions o and 0.

[0057] This is expressed by the equation:

Vg = g * 8g(0g)

where Bg(ocg) is the slip term and represents a positive
correction.

[0058] When dealing with values at the throat of the
Venturi, it has been found that the dynamic proportions
can be determined as a function solely of the gas pro-
portion ay and are therefore essentially independent of
flow rate. A suitable example of the empirical equation
making such determination possible is of the form:

Yg(0) = ag i) + A (V@)™ (1 - ()"

where the coefficient A and the exponents m and n are
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determined empirically. A suitable example corre-
sponds to the following values: A=1, m=1,n=6. This
equation makes it possible by iterative computation to
determine the dynamic proportion vy, from the static pro-
portion oy (block 55).

[0059] Using the values of y|(i) as determined at the
high frequency f, (45 Hz in this example), a mean value
<y>is calculated (block 56) over each interval t, (i.e. 10
s in the example described) corresponding to the fre-
quency fy.

[0060] The liquid volume flow rate q, can then be ob-
tained at frequency f; from the total mass flow rate <Q>.
The total volume flow rate, taking account of slip, is giv-
en (block 70) by the following equation:

q=Q/py

where the magnitude py is a value for the density of the
mixture, known as the "homogeneous density", that
takes account of the slip phenomenon, and that is ob-
tained (block 57) from the equation:

PH = <Y7P T <Yg>Pqg

and the liquid flow rate q is given (block 71) by:

9 =97

[0061] From which the water and oil flow rates are de-
duced (block 72):

g, = <wlr>q,

g, = (1 -<wlir>)q,

4 - Determining gas flow rate

[0062] To determine the gas flow rate, a suitable
method, different from that described above, relies on
an "instantaneous" value for the total mass flow rate Q
(i) calculated (block 80) for each sample corresponding
to the high frequency f, (45 Hz in the example de-
scribed) in application of the following equation:

Q) = KI(<AP> - ppo i)-9.0,)-pry ()]

with the notation being the same as above.
[0063] An "instantaneous" value for the total volume
flow rate is then deduced (block 81):

a(i) = Q(I)/py(i)
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where py(i) is the "homogeneous density" as defined
above, determined for each sample at the high frequen-
cy f, (block 58) as follows:

PH() =10 + v4()pg

[0064] Based on this value for the total volume flow
rate, an "instantaneous" value for the gas flow rate qg(i)
is determined (block 82) for each sample at the high fre-
quency fy:

agi) = ()

and finally the gas flow rate dg is calculated by averaging
the values qg(i) over each interval t; (10 seconds in the
example described) corresponding to the low frequency
f; (block 83).

Claims

1. A flow rate measurement method adapted to oil ef-
fluents made up of multiphase fluid mixtures com-
prising water, oil, and gas, said method providing a
total mass flow rate value <Q> for a certain period
t, from values of pressure drop and of density, char-
acterized in that said method comprises the follow-
ing steps: the effluent is passed through a Venturi
in which the effluent is subjected to a pressure drop
(Ap); a mean value (<Ap>) of the pressure drop is
determined over the period t; under consideration
corresponding to a frequency f; that is low relative
to the frequency at which gas and liquid alternate in
a slug flow regime; a mean value (<p,,>) is deter-
mined for the density of the fluid mixture at the con-
striction of the Venturi over said period t; and the
total mass flow rate <Q> is deduced from said mean
values of pressure drop and of density.

2. A method according to claim 1, in which the density
of the fluid mixture (p,,) is measured by gamma ray
attenuation at a first energy level at a frequency f,
that is high relative to said frequency of gas/liquid
alternation in a slug flow regime, and the mean
(<pyy>) of the measurements p,,(i) obtained in this
way over each period t; corresponding to the fire-
quency f, is formed to obtain said mean density val-
ue.

3. A method according to claim 1 or 2, in which the
frequency f; is not greater than 0.1 Hz.

4. A method according to claim 2 or 3, in which the
frequency f, is not less than 20 Hz.

5. A method according to any one of claims 2 to 4, in
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which the attenuation of gamma rays by the fluid
mixture is measured at the frequency f, at a second
energy level lower than the first energy level, this
measurement being performed at the constriction
of the Venturi, and a value WLR(i) is deduced there-
from for the mass ratio of water relative to the liquid
component of the fluid mixture.

A method according to claim 5, in which each of the
measurements at said second energy level is asso-
ciated with a confidence coefficient relating to the
corresponding value p,(i) of the density of the fluid
mixture, said coefficient being small when the den-
sity is low and higher at densities corresponding to
a low proportion of gas.

A method according to claim 5 or 6, in which ap-
proximate values for the mass flow rate Q, and Q,,
and for the volume flow rates q, and q,, of the oil
and of the water are deduced from said total flow
rate value <Q> and the water ratio WLR.

A method according to claim 5 or 6, in which the
static proportions of liquid oy(i) and of gas o,(i) at
the frequency f, are deduced from the measure-
ments of the fluid mixture density p,(i) and of the
water mass ratio WLR(i) at said frequency.

A method according to claim 8, in which the dynam-
ic proportions of liquid (i) and of gas yy(i) at the
frequency f, are deduced from the corresponding
static proportions using a determined relationship.

A method according to claim 9, in which, from said
dynamic proportions, mean values <y> and <Yg>
are determined over each interval t; corresponding
to said frequency f;.

A method according to claim 10, in which the total
volume flow rate is deduced from the total mass flow
rate <Q>, from said mean values <y> and <Yg>, and
from the liquid and gas densities, and the volume
flow rates of oil and of water are deduced therefrom.

A method according to claim 9, in which total mass
flow rate values Q(i) are determined at the frequen-
cy f, as a function of the corresponding density val-
ues pm(i), gas flow rate values qg(i) are deduced
from said values Q(i), from the dynamic proportions
of liquid v,(i) and of gas yg(i), and from the liquid and
gas densities, and the mean of the values qg(i) is
calculated to obtain a value for the gas flow rate
over each interval t;.

Patentanspriiche

1.

DurchfluBmengen-MeRverfahren, das fiir Olstro-
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me, die aus mehrphasigen Fluidgemischen ein-
schlieRlich Wasser, Ol und Gas gebildet sind, ge-
eignet ist und einen Gesamtmassendurchsatzwert
<Q> fur eine bestimmte Periode t; aus Werten des
Druckabfalls und der Dichte erzeugt, dadurch ge-
kennzeichnet, daB das Verfahren die folgenden
Schritte umfal3t: der Strom wird durch ein Venturi-
Rohr geschickt, in dem der Strom einem Druckab-
fall (Ap) unterworfen wird; ein Mittelwert (<Ap>) des
Druckabfalls wird ber die betrachtete Periode t;,
die einer Frequenz f; entspricht, die relativ zu der
Frequenz, mit der das Gas und die FlUssigkeit in
einer trdgen Strdomung abwechseln, niedrig ist, be-
stimmt; ein Mittelwert (<p,,>) wird fur die Dichte des
Fluidgemischs bei der Einschniirung des Venturi-
Rohrs wéhrend der Periode t; bestimmt; und der
Gesamtmassendurchsatz <Q> wird aus den Mittel-
werten des Druckabfalls und der Dichte abgeleitet.

Verfahren nach Anspruch 1, bei dem die Dichte des
Fluidgemisches (p,,,) durch Gammastrahlendamp-
fung bei einem ersten Energiepegel bei einer Fre-
quenzf,, die relativ zu der Frequenz des Gas/Flus-
sigkeits-Wechsels in einer trdgen Strdmung hoch
ist, gemessen wird und der Mittelwert (<p,,>) der
MeRwerte p,,(i), die auf diese Weise wahrend jeder
der Frequenz f; entsprechenden Periode t; erhal-
ten werden, gebildet wird, um den mittleren Dichte-
wert zu erhalten.

Verfahren nach Anspruch 1 oder 2, bei dem die Fre-
quenz f; nicht gréRer als 0,1 Hz ist.

Verfahren nach Anspruch 2 oder 3, bei dem die Fre-
quenz f, nicht kleiner als 20 Hz ist.

Verfahren nach einem der Anspriiche 2 bis 4, bei
dem die Dampfung der Gammastrahlen durch das
Fluidgemisch bei der Frequenz f, bei einem zweiten
Energiepegel gemessen wird, der niedriger als der
erste Energiepegel ist, wobei diese Messung bei
der Einschnirung des Venturi-Rohrs ausgefihrt
wird und ein Wert WLR(i) hiervon fir das Massen-
verhaltnis von Wasser relativ zu der Flissigkeits-
komponente des Fluidgemischs abgeleitet wird.

Verfahren nach Anspruch 5, bei dem jeder der Mes-
sungen bei dem zweiten Energiepegel ein Vertrau-
enskoeffizient zugeordnet wird, der mit dem ent-
sprechenden Wert p,(i) der Dichte des Fluidge-
mischs in Beziehung steht, wobei der Koeffizient
klein ist, wenn die Dichte niedrig ist, und bei Dich-
ten, die einem niedrigen Gasanteil entsprechen,
héher ist.

Verfahren nach Anspruch 5 oder 6, bei dem fir die
Massendurchséatze Q, bzw. Q,, und fiir die Volu-
mendurchsétze q, bzw. q,, des Ols bzw. des Was-
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sers Néherungswerte aus dem
GesamtdurchfluBwert <Q> und dem Wasserver-
haltnis WLR abgeleitet werden.

Verfahren nach Anspruch 5 oder 6, bei dem die sta-
tischen Anteile der Flissigkeit oy(i) und des Gases
ocg(i) bei der Frequenz f, aus den Messungen der
Fluidgemischdichte p,(i) und des Wassermassen-
verhaltnisses WLR(i) bei dieser Frequenz abgelei-
tet werden.

Verfahren nach Anspruch 8, bei dem die dynami-
schen Anteile der Flissigkeit (i) bzw. des Gases
yg(i) bei der Frequenz f, aus den entsprechenden
statischen Anteilen unter Verwendung einer be-
stimmten Beziehung abgeleitet werden.

Verfahren nach Anspruch 9, bei dem aus den dy-
namischen Anteilen Mittelwerte <y> und <y,> tiber
jedes der Frequenz f; entsprechende Intervall t; be-
stimmt werden.

Verfahren nach Anspruch 10, bei dem der Gesamt-
volumendurchsatz aus dem Gesamtmassendurch-
satz <Q>, aus den Mittelwerten <y> und <Yg> und
aus den Flussigkeits- und Gasdichten abgeleitet
wird und die Volumendurchsétze von Ol und Was-
ser hiervon abgeleitet werden.

Verfahren nach Anspruch 9, bei dem die Gesamt-
massendurchsatz-Werte Q(i) bei der Frequenz f,
als eine Funktion der entsprechenden Dichtewerte
Pm(i) bestimmt werden, die Gasdurchsatzwerte qg
(i) aus den Werten Q(i), den dynamischen Anteilen
der Flussigkeit y,(i) und des Gases y4(i) und aus den
Flussigkeits- und Gasdichten abgeleitet werden
und der Mittelwert der Werte qg(i) berechnet wird,
um einen Wert fir den Gasdurchsatz tiber jedes In-
tervall t; zu erhalten.

Revendications

Procédé de mesure de débit adapté a des effluents
pétroliers formés de mélanges fluides multiphasi-
ques comprenant de I'eau, du pétrole et du gaz, ledit
procédé fournissant une valeur de débit massique
total <Q> pendant une certaine période t; a partir
de valeurs de chute de pression et de densité, ca-
ractérisé en ce que ledit procédé comprend les
étapes suivantes : l'effluent traverse un Venturi
dans lequel I'effluent est soumis a une chute de
pression (Ap) ; une valeur moyenne (<Ap>) de la
chute de pression est déterminée pendant la pério-
de t, considérée, correspondant a une fréquence f,
qui est faible par rapport a la fréquence a laquelle
le gaz et le liquide alternent dans un régime d'écou-
lement a poches et bouchons ; une valeur moyenne
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(<pm>) est déterminée concernant la densité du
mélange fluide au niveau de I'étranglement du Ven-
turi pendant ladite période t; ; et le débit massique
total <Q> est déduit desdites valeurs moyennes de
chute de pression et de densité.

Procédé selon la revendication 1, dans lequel la
densité du mélange fluide (p,,,) est mesurée par at-
ténuation de rayons gamma a un premier niveau
d'énergie, a une fréquence f, qui est élevée par rap-
port a ladite fréquence d'alternance gaz/liquide
dans un régime d'écoulement a poches et bou-
chons, etla moyenne (<p,,,>) des mesures p,(i) ob-
tenues de cette fagon pendant chaque période t,
correspondant a la fréquence f,; est formée pour ob-
tenir ladite valeur moyenne de densité.

Procédé selon la revendication 1 ou 2, dans lequel
la fréquence f; n'est pas supérieure a 0,1 Hz.

Procédé selon la revendication 2 ou 3, dans laquel-
le la fréquence f, n'est pas inférieure a 20 Hz.

Procédé selon I'une quelconque des revendications
2 a 4, dans lequel I'atténuation de rayons gamma
par le mélange fluide est mesurée a la fréquence
f,, @ un deuxiéme niveau d'énergie inférieur au pre-
mier niveau d'énergie, cette mesure étant réalisée
au niveau de I'étranglement du Venturi, et une va-
leur WLR(i) est déduite a partir de ceci concernant
la fraction massique d'eau par rapport a la compo-
sante liquide du mélange fluide.

Procédé selon la revendication 5, dans lequel cha-
cune des mesures audit deuxieme niveau d'énergie
est associée a un coefficient de confiance concer-
nant la valeur correspondante p,,,(i) de la densité du
mélange fluide, ledit coefficient étant petit quand la
densité est faible mais plus élevé a des densités
correspondant a une faible proportion de gaz.

Procédé selon la revendication 5 ou 6, dans lequel
des valeurs approchées concernant le débit massi-
que Q, et Q,, et concernant les débits volumiques
q, etq,, du pétrole et de I'eau sont déduites de ladite
valeur de débit total <Q> et de la fraction d'eau
WLR.

Procédé selon la revendication 5 ou 6, dans lequel
les proportions statiques de liquide oy(i) et de gaz
ocg(i) a la fréquence f, sont déduites des mesures
de la densité du mélange fluide p,,(i) et de la fraction
massique d'eau WLR(i) a ladite fréquence.

Procédé selon la revendication 8, dans lequel les
proportions dynamiques de liquide (i) et de gaz g
(i) a la fréquence f, sont déduites des proportions
statiques correspondantes en utilisant une relation
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déterminée.

Procédé selon la revendication 9, dans lequel, a
partir desdites proportions dynamiques, des va-
leurs moyennes <y> et <y;> sont déterminées sur
chaque intervalle t; correspondant a ladite fréquen-
ce fy.

Procédé selon la revendication 10, dans lequel le
débit volumique total est déduit du débit massique
total <Q>, desdites valeurs moyennes <y;> et Y5>
et des densités de liquide et de gaz, et les débits
volumiques de pétrole et d'eau sont déduits de
Ceux-ci.

Procédé selon la revendication 9, dans lequel les
valeurs de débit massique total Q(i) sont détermi-
nées a la fréquence f, en fonction des valeurs de
densités correspondantes p,,(i), les valeurs du dé-
bit de gaz q(i) sont déduites a partir desdites va-
leurs Q(i), des proportions dynamiques de liquide v,
(i) et de gaz y(i), ainsi que des densités de liquide
et de gaz, et la moyenne des valeurs qg(i) est cal-
culée pour obtenir une valeur pour le débit de gaz
sur chaque intervalle t,.
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